The DNA sequences necessary for faithful and efficient initiation of transcription of Bombyx mori fibroin gene have been studied iii vivo using monkey COS cells and a SV40 origin vector. Transcriptional analysis of 5' deletion genes and of exact substitution genes including a series of single base substitution mutants indicates that the TATA box and the cap region are required for faithful and efficient initiation of the fibroin gene transcription In vivo, whereas far upstream sequences and the CAAT-like sequences are not required. In addition, single base substitution genes of the cap site region have clearly shown that there exists a strict sequence requirement of the cap region of the fibroin gene. These results define the basic promoter of the fibroin gene to the region spanning the TATA box and the cap site region.
INTRODUCTION
The Bombyx mori silk genes constitute an excellent model system for studying the control of gene expression in differentiated cells (1) for faithful and efficient initiation of transcription of the fibroin gene (3) . However, for the definition of the promoter function there could exist some differences between ±n vitro systems and in living cell systems; like a structural difference of templates (for example, naked DNA vs. DNA in nucleosome structure) and/or a difference of available factors.
To date, studies on eukaryotic promoters in living cell systems have been reported on a number of different eukaryotic genes (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . These studies have shown that some upstream sequences from the TATA box are required for faithful and efficient initiation of transcription In vivo, and the CAAT-like sequences, one of the typical elements in the upstream sequences, could be a part of common promoter element like the TATA box.
In this paper we describe the DNA sequences necessary for faithful and efficient initiation of transcription of the fibroin gene in a living cell system. We have used a transient expression system consisting of monkey COS cells and a SV40 origin vector (13, 16) . SI nuclease mapping was carried out using 200 -400 yg of total COS cell RNA under the conditions described (2) . That SI probes were added in excess was confirmed by the experiments using different ratios of probes to RNA.
Signals on autoradiograms were scanned with a Joyce Loebl densitometer to quantitate relative activities of transcription.
For quantitation of activities of mutant genes, SI assays were carried out at 50 U/ml and 100 U/ml. We found the ratios of fibroin transcripts to B-globin transcripts were quite reproducible. Different preparations of transcript from wild type-gene, WI, WII and Will (see Fig. 6 ) also showed constant ratios of fibroin transcripts to B-globin transcripts.
RESULTS

1) Faithful transcription initiation of fibroin gene in COS cells
The plasmid DNAs carrying fibroin gene used in this work are shown in These recombinant DNAs were introduced into COS cells with fine precipitates of calcium phosphate (18) . After 48 hrs of DNA addition, low molecular weight DHA from the cell lysate was extracted and digested by Dpn I to sweep out non-replicated molecules (24) , and analysed by electrophoresis through agarose gels (data not shown). Upon ethidium bromide staining, the two fibroin plasmids, pSVOFbl and pSV0Fb7, gave strong bands corresponding to covalently closed circular molecules, which were as strong as pML-SV plasmid, indicating that they were well replicated in COS cells (about 10,000 copies per infected cell).
After 48 hrs of DNA addition total cellular RNA was extracted from the a. transfected COS cells, and fibroin transcripts were analysed by primer extention mapping (Fig. 3) . The two fibroin plasmids gave faithfully initiated fibroin transcripts with almost the same intensities, whereas mock transfection did not give such transcript. Fig. 3 also showed that the polyadenylation signal of the fibroin gene was functional even in the simian cells. In addition to the accurate transcripts, random transcripts initiated upstream in the vector region were also detected, which were especially strong on pSVOFb7. We tried Northern blot analyses for the fibroin tran- The probes were annealed with 200 yg of total cellular RNA, and digested with SI nuclease (50 U/ml). As a standard 2 ng of fibroin mRKA were used. Heterogeneity in the 5' sequences between the probe and some deletion genes, A[-58 t -20] and 5'A-19, gave strong protection bands shorter than the probe bands. The shorter band positions correspond to the respective divergence points. Broad bands below the bands of full length probes are SI artifacts caused by partial melting of hybrids between strong upstream transcripts and probes. These signals were not detected by primer extention mapping (see Fig. 3 ). Electrophoreses were through 10 1 polyacrylamide gels containing 7 M urea. As sire markers 5'-terminally labeled Hinf I/Hae III digest of a pBR322 derivative was used.
scripts too, only to get a smearing pattern probably caused by these upstream random transcripts (data not shown). Faithful initiation of transcription of the fibroin gene was further confirmed by SI nuclease mapping (data not shown, but see Fig. 4 ). We did not test whether splicing of the fibroin gene transcript was normally carried out in the COS cells.
From these results we have calculated template utility of pSVOFb DNAs. did not increase the level of fibroin gene transcription (data not shown).
2) Activity of 5' deletion genes
To delimit the upstream 5' sequences necessary for the faithful initiation of transcription of the fibroin gene in COS cells, genes with sequential deletion which had been constructed on pBR322 (2) were recloned on pML-SV to make 5' deletion pSVOFb plasmids. To control the effects of vector sequences ligated just upstream of the deleted fibroin genes, we made deletion genes both for pSVOFbl and for pSVOFb7. Transcripts of these mutants were analysed by SI nuclease mapping (see Fig. 4 ).
On pSVOFb7, deletion genes 5'A-860, -238, -115, -73 and -44 gave faithful transcripts of almost the same intensities, whereas a deletion 5'A-19 did not give faithful transcripts (Fig. 4B) . We further tested a deletion gene A[-58 ^ -20] that carries 13 bp linker sequences in place of the natural sequences between -58 and -20 (see Fig. 5 ). This internal deletion gene gave no faithful transcripts at all. Results of deletion on pSVOFbl DNA were essentially the same as those on pSVOFb7 DNA (Fig. 4A) . However, general enhancement was caused on the whole transcripts when deletions from 5' direction on pSVOFbl DNA were extended beyond -115. The effects might be caused by the SV40 replication origin located 5' side of deletion genes on this ori-entation. The deletion 5'A-19 of pSVOFbl lost an activity to produce faithful transcripts, while incorrectly initiated transcripts were produced (Fig.   4A ).
Taking the upstream transcripts represented by strong protection bands of probe size as an internal control, activities of the 5' deletion genes were calibrated and summarized in Fig. 5 . These results revealed that all the machineries responsible for faithful initiation of transcription of the fibroin gene were included in the very proximal sequences that were no farther than -44. Sequences between the nucleotide -44 and -19, which include the TATA box, were indispensable for expression of fibroin gene in COS cells.
3) Effect of exact substitution in the immediate 5' sequences
To characterize a nature of the immediate 5' sequences more precisely, we have prepared exact substitution genes for this region (see Fig. 2 and Promoter activities of each mutants were assayed by SI mapping (Fig. 6) , and intensities of faithful transcripts of fibroin and B-globin genes were measured with a densitometer tracing of autoradiograms. Fig. 7 summarizes the relative activities of the substitution genes.
Activities to produce faithful fibroin transcripts were significantly impaired with drastic substitutions over the TATA box (sb A). This result was in good agreement with the results of 5' deletion genes described above. vitro studies of the fibroin gene promoter using HeLa cell extract or silk gland extract (2, 3, 4) . The results are also consistent with iji vivo studies on other eukaryotic promoters (7, 10, 12, 26, 27) . However, the early gene promoter of SV40 is an exception (6) •Present address: Chiba Cancer Center Research Institute, 666-2, Nitona-cho, Chiba 280, Japan + To whom correspondence should be addressed
